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Background and Objectives: The purpose of this study was to assess the value of C-type natriuretic peptide (CNP) as a surrogate marker 
for detection of coronary artery spasm in variant angina pectoris (VAP). 

Subjects and Methods: Sixty-six patients (mean age: 51 ±11 years, M : F=40 : 26) who underwent coronary angiography on suspicion of 
angina and who were diagnosed with VAP by the acetylcholine-induced spasm provocation test (SPT) were enrolled and divided into a SPT 
(-) group (n=23) and a SPT (+) group (n=43). Concentrations of CNP and other markers were determined by immunoassay in both groups. 
Results: Plasma CNP and creatine kinase myoglobin band (CK-MB) concentrations were significantly increased in the SPT (+) group relative 
to the SPT (-) group (CNP, 5.268+1.800 pg/mL vs. 3.342+1.150 pg/mL, p=0.002; CK-MB, 2.54±1.03 ng/dL vs. 1.86±0.96 ng/dL, p=0.019, 
respectively) while plasma high sensitivity C-reactive protein (hs-CRP) and N-terminal pro-brain natriuretic peptide (NT pro-BNP) con- 
centrations were not significantly different between the SPT (-) group and SPT (+) group (hs-CRP, 2.76±4.99 mg/L vs. 3.13±4.88 mg/L, 
p=0.789; NT pro-BNP, 49±47 pg/mL vs. 57±63 pg/mL, p=0.818, respectively). Plasma CNP concentration was independently associated 
with the VAP via SPT {odds ratio: 2.014 (95°/o confidence interval: 1.016-3.992), p=0.045}. A CNP cut-off value of 4.096 pg/mL was found 
to have a sensitivity of 68.2% and a specificity of 40.0% for predicting the probability of VAP via SPT. 

Conclusion: Increased plasma CNP concentration in patients with VAP may have an impact on the regulation of endothelial function in 
accordance with the progression of atherosclerosis. Further analysis is warranted to develop clinical applications of this finding. (Korean 
Circ J 2013;43:168-173) 
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Introduction 

Variant angina pectoris (VAP) was first described by Prinzmetal et 
al., 11 and is a syndrome of ischemic pain accompanied by ST-segment 
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elevation that occurs at rest and without exertion. Transient increas- 
es in coronary vasomotor tone or vasospasm are the pathogenic 
mechanism underlying Prinzmetal or VAP. 21 Coronary artery spasm 
in VAP has been found to be associated with systemic alteration in 
nitric oxide (NO) production or an imbalance between endothelium- 
derived relaxing and contracting factors that results in complica- 
tions, most often myocardial infarction, life-threatening arrhyth- 
mias, or sudden cardiac death. 3 " 51 

Natriuretic peptides, comprising atrial natriuretic peptide (ANP), 
brain natriuretic peptide (BNP) and C-type natriuretic peptide (CNP), 
are a family of polypeptide mediators that play an important role in 
the regulation of cardiovascular homeostasis by maintaining blood 
pressure and extracellular fluid volume 6 " 8 ' ANP and BNP are media- 
tors that are mainly secreted by the myocardium in response to many 
pathophysiological conditions, 6 " 81 while CNP is mainly produced by 
vascular endothelium and contributes to smooth muscle relaxation, 
where it may exert its autocrine/paracrine roles in vascular tone and 
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muscle cell growth. 6 " 81 The contribution of endothelial mediators to 
the effects of CNP on the coronary circulation is unclear and poorly 
characterized. Therefore, we investigated the value of CNP as a sur- 
rogate marker for detection of coronary artery spasm in VAP, and 
estimated a threshold value for this purpose. 

Subjects and Methods 
Patients 

Between July 2005 and May 2008, a total of sixty-six patients 
(mean age: 51 ±11 years, M : F=40 : 26) who underwent coronary an- 
giography on suspicion of angina and who were diagnosed with VAP 
by acetylcholine-induced spasm provocation test (SPT) were enroll- 
ed. Patients were divided into two groups: the SPT (-) group (n=23) 
and the SPT (+) group (n=43), members of which were diagnosed 
with VAP based on the definition of VAP applicable for acetylcho- 
line-induced SPT, that is, focal occlusion greater than 70% of the 
luminal diameter with clinical symptoms or ST-segment change on 
electrocardiography (EC6) 9) 

This study was approved by the Ethics Committee of St. Mary's Hos- 
pital. Patients were informed of the investigative nature of the study 
and written informed consent was obtained before enrollment. 

Coronary angiography 

Coronary angiography was performed in all patients using a fe- 
moral approach with standard catheters placed in conventional po- 
sitions. Nitroglycerin was not administered before angiography. For 
SPT of the coronary artery, intracoronary injection of acetylcholine 
was administered according to the method of Okumura et al. 10 ' In- 
cremental doses of 20 and 50 ug acetylcholine were injected into 
the right coronary artery, and 20, 50, and 100 ug doses were inject- 
ed into the left coronary artery. EC6 and coronary angiography were 
repeated to confirm the presence of coronary artery spasm. The 
angiograms were analyzed by two experienced angiographers. 

Biochemical assays 

Concurrently, blood samples for the analysis of plasma CNP and 
N-terminal pro-brain natriuretic peptide (NT pro-BNP) concentration 
were drawn into ethylenediaminetetraacetic acid-plasma vacuum 
containers. Plasma CNP (catalog No. E0721 h) concentration was as- 
sayed with an immunoassay (USCNLife Science & Technology co., 
Ltd., Wuhan, China) in which there is no cross-reactivity with plasma 
NT pro-BNP. The detectable range for assay was CNP 0-500 pg/mL 
(sensitivity 3.9 pg/mL). 

Statistical analysis 

All analyses were performed using the SAS statistical software 
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version 9.1 (SAS Institute Inc., Cary, NC, USA). For comparisons be- 
tween the SPT (-) and (+) groups, mean±standard deviations and 
proportions were compared using the unpaired t-test and chi-sq- 
uare test, respectively. The relationships between multiple parame- 
ters and plasma CNP or NT pro-BNP concentration were assessed 
using Spearman's correlation coefficient by rank. After adjustment 
for age and gender, multivariate logistic regression analysis was 
performed for detection of the independent factors associated with 

Table 1 . Baseline characteristics 



Variables 


SPT (-) group 
(n=23) 


SPT (+) group 
(n=43) 


P 


Age (year) 


49±12 


51 ±10 


0.500 


Gender, male (°/o) 


10 (43.5) 


30 (70.0) 


0.037 


Hypertension, n (°/o) 


13 (56.5) 


18(41.9) 


0.255 


Diabetes mellitus, n (°/o) 


1 (4.3) 


5(11.6) 


0.327 


BMI (kg/cm 2 ) 


24.1 ±2.5 


25.4±2.6 


0.059 


Smoking, n (°/o) 


6(26.1) 


17 (39.5) 


0.275 


SBP (mm Hg) 


122±24 


119+15 


0.619 


DBP (mm Hg) 


71 ±12 


73±13 


0.502 


HR (bpm) 


66±14 


67±10 


0.744 


WBC,counts/L(o/o) 


6529±2058 


7460±2283 


0.098 


Neutrophil 


61.4±10.0 


56.2±13.2 


0.097 
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77 8+12 fl 

JJ.O± 1 z.u 
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6 7+2 2 


0 394 


Fn<;i nnnh 1 1 

LUjI I IUUI 1 1 1 


1 9+1 fi 


2 8+2 4 


0 1 22 


Ud _>U U I 1 1 1 


fl 4+0 2 


0 6+0 5 


0 039 




17 fi+1 3 

1 0.0_L 1 .0 


142+1 5 


0112 


Platelet (rountsx 10 3 /l 1 


258+79 


247+53 


0.540 


Fasting plasma glucose 
(mg/dL) 


108±26 


112±28 


0.575 


HbA1c (o/o) 


5.2±0.6 


5.6±0.7 


0.068 


Total cholesterol (mg/dL) 


200±40 


182±36 


0.090 


Triglyceride (mg/dL) 


148±94 


148±88 


0.995 


HDL-C (mg/dL) 


46±10 


49±40 


0.666 


LDL-C (mg/dL) 


124±36 


11 5±29 


0.331 


Blood urea nitrogen 
(mg/dL) 


13.2±2.8 


15.8±4.9 


0.014 


Creatinine (mg/dL) 


0.91 ±0.1 5 


0.15±1.07 


0.170 


hs-CRP (mg/L) 


2.76±4.99 


3.13±4.88 


0.789 


CK-MB (ng/dL) 


1.86±0.96 


2.54±1.03 


0.019 


NT pro-BNP (pg/mL) 


49±47 


57 ±63 


0.818 


CNP (pg/mL) 


3.342±1.150 


5.268± 1.800 


0.002 



SPT: spasm provocation test, BMI: body mass index, SBP: systolic blood pres- 
sure, DBP: diastolic blood pressure, HR: heart rate, WBC: white blood cell, Hb: 
hemoglobin, HDL-C: high density lipoprotein-cholesterol, LDL-C: low density 
lipoprotein-cholesterol, hs-CRP: high sensitivity C-reactive protein, CK-MB: 
creatine kinase myoglobin band, NT pro-BNP: N-terminal pro-brain natriuretic 
peptide, CNP: C-type natriuretic peptide 
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VAP via acetylcholine-induced SPT. A receiver operating curve was 
used to determine the cut-off value for plasma CNP concentration 
as a predictor of the probability of the presence of VAP via acetyl- 
choline-induced SPT. Statistical significance was considered at p of 
less than 0.05. 

Results 



Associations among biomarkers 

Plasma NT pro-BNP concentration was positively correlated with 
that of CK-MB (r=0.543, p<0.000l) and negatively correlated with 
heart rate (r=-0.339, p=0.026, respectively) (Table 2). Plasma CNP 
concentration was negatively correlated with heart rate (r=-0.403, 
p=0.030) and total cholesterol level (r=-0.369, p=0.041, respecti- 
vely) (Table 2). 



Clinical characteristics 

Among the sixty-six patients subjected to the intracoronary ac- 
etylcholine-induced SPT, 43 were SPT positive {SPT (+) group; mean 
age: 51 + 10 years, M : F=30 : 13} and 23 were SPT negative (SPT(-) 
group; mean age: 49± 12 years, M : F=10 : 13} (Table 1). 

Results for comparison according to acetylcholine-induced 
spasm provocation test 

Basophil percentage and blood urea nitrogen concentration were 
significantly increased in the SPT (+) group relative to the SPT (-) gr- 
oup (basophil percentage, 0.6±0.5°/o vs. 0.4±0.2°/o, p=0.039; blood 
urea nitrogen, 15.8±4.9 mg/dLvs. 13.2±2.8 mg/dL, p=0.014, respec- 
tively) (Table 1). 

Plasma CNP and creatine kinase myoglobin band (CK-MB) con- 
centrations were significantly increased in the SPT (+) group relative 
to the SPT (-) group {CNP, 5.268±1.800 pg/mL vs. 3.342±1.150 pg/ 
mL, p=0.002 (Fig. 1); CK-MB, 2.54±1.03 ng/dLvs. 1.86±0.96 ng/dL, 
p=0.019, respectively} while plasma high sensitivity C-reactive pro- 
tein (hs-CRP) and NT pro-BNP concentrations were not significantly 
different between the SPT (-) group and SPT (+) groups (hs-CRP, 
2.76+4.99 mg/L vs. 3.13+4.88 mg/L, p=0.789; NT pro-BNP, 49±47 
pg/mLvs. 57±63 pg/mL, p=0.818, respectively) (Table 1). 



12.000 - 



9.000 - 
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3.000 - 



0.000 



p=0.002 



5.268± 1.800 



3.342±1.150 



SPT (-) SPT (+) 

Fig. 1. Difference in CNP levels between the SPT (-) group and the SPT (+) 
group. CNP: C-type natriuretic peptide, SPT: spasm provocation test. 



Predictability of coronary artery spasm 

Plasma CNP concentration was independently associated with 
coronary artery spasm in patients with VAP via acetylcholine-in- 
duced SPT after adjustment for age and gender {odds ratio: 2.014 
(950/o confidence interval: 1.016-3.992), p=0.045} (Table 3). A CNP 
cut-off value of 4.096 pg/mL was found to have a sensitivity of 

Table 2. The relationships between levels of either NT pro-BNP or CNP and 
other factors 



Variables 


NT pro- 


-BNP 


CNP 




Coefficient 


P 


Coefficient 


P 


BMI 


-0.018 


0.791 


0.093 


0.619 


SBP 


-0.041 


0.907 


0.229 


0.215 


DBP 


-0.189 


0.219 


0.303 


0.098 


HR 


-0.339 


0.026 


-0.403 


0.030 


WBC 


-0.024 


0.876 


-0.176 


0.345 


Neutrophil 


-0.076 


0.621 


-0.347 


0.056 


Lymphocyte 


0.113 


0.458 


0.315 


0.084 


Monocyte 


-0.056 


0.716 


0.195 


0.294 


Eosinophil 


-0.087 


0.570 


0.128 


0.493 


Basophil 


0.133 


0.383 


0.266 


0.147 


Hb 


0.000 


0.999 


0.180 


0.334 


Platelet 


-0.191 


0.209 


-0.236 


0.200 


Fasting plasma glucose 


-0.049 


0.751 


-0.156 


0.410 


HbA1c 


-0.028 


0.861 


-0.028 


0.887 


Total cholesterol 


-0.011 


0.945 


-0.369 


0.041 


Triglyceride 


-0.194 


0.213 


-0.132 


0.479 


HDL-C 


0.042 


0.791 


0.233 


0.207 


LDL-C 


-0.053 


0.736 


-0.323 


0.076 


3lood urea nitrogen 


-0.093 


0.545 


0.102 


0.584 


Creatinine 


-0.098 


0.524 


0.252 


0.172 


hs-CRP 


-0.087 


0.574 


-0.264 


0.151 


CK-MB 


0.543 


<0.0001 


0.001 


0.995 


NT pro-BNP 






0.190 


0.333 


CNP 


0.190 


0.333 







BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood 
pressure, HR: heart rate, WBC: white blood cell, Hb: hemoglobin, HDL-C: 
high density lipoprotein-cholesterol, LDL-C: low density lipoprotein-choles- 
terol, hs-CRP: high sensitivity C-reactive protein, CK-MB: creatine kinase 
myoglobulin, NT pro-BNP: N-terminal pro-brain natriuretic peptide, CNP: 
C-type natriuretic peptide 
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Table 3. Multivariate logistic regression analysis 



Vdl IdUIC^ 


UUUj 1 a LIU 


95% confidence 
interval 


P 


Basophil percentage 


114.561 


0.165-79479.400 


0.155 


Blood urea nitrogen 


1.232 


0.821-1.848 


0.313 


CK-MB 


1.404 


0.417-4.722 


0.584 


NT pro-BNP 


0.996 


0.987-1.006 


0.463 


CNP 


2.014 


1.016-3.992 


0.045 



Plasma CNP concentration was independently associated with coronary 
artery spasm in patients with VAP diagnosed by acetylcholine-induced SPT 
after adjustment for age and gender. CNP: C-type natriuretic peptide, VAP: 
variant angina pectoris, SPT: spasm provocation test, CK-MB: creatine kinase 
myoglobin band, NT pro-BNP: N-terminal pro-brain natriuretic peptide 



1.0 



0.8 



0.6 



0.4 



0.2 



0.0 



AUC=0.770 
95°/o CI (0.605-0.936) 
Sensitivity 68.2% 
Specificity 40.0% 



0.2 



0.8 



1.0 



0.4 0.6 
1 -specificity 

Fig. 2. ROC curve. A cut-off value of CNPof 4.096 pg/mL shows a sensitivity 
of 86.4°/o and a specificity of 50.0°/o for predicting the probability of the pres- 
ence of VAP via acetylcholine-induced SPT. ROC: receiver operating charac- 
teristics, AUC: area under curve, CI: confidence interval, CNP: C-type natri- 
uretic peptide, VAP: variant angina pectoris, SPT: spasm provocation test. 

68.2°/o and a specificity of 40.0% for predicting the probability of VAP 
presence via SPT (Fig. 2). 

Discussion 

The natriuretic peptide system includes three known peptides: 
ANP, BNP, and CNP. Although ANP and BNP rise excessively in pati- 
ents with cardiovascular diseases and are powerful neurohormonal 
indicators of left ventricular function and prognosis in congestive 
heart failure (CHF), the role of plasma CNP in human circulation has 
appeared to be minor and has been poorly characterized. 6 " 81 

C-type natriuretic peptide, a new member of the natriuretic pep- 
tide family identified in both the animal and human brain, termi- 
nates in the second cysteine residue, thereby lacking a further C-ter- 
minal extension, and its level in humans is 10-fold higher than those 
of ANP and BNP. ,1)12) 



Recently, some studies have reported the pathophysiological role 
of CNP as a predictor of endothelial vasomotor response in patients 
with CHF. 13 ' 14 ' Although it is well known that CNP is a peptide pro- 
duced by the vascular endothelium with vasodilative properties, 15 " 171 
our study is the first to demonstrate the pathophysiological role of 
CNP in patients with VAP. 

The most important finding in the present data was that plasma 
CNP concentration was higher in the SPT (+) rather than SPT (-) gr- 
oup. Until recently, most research has reported that CNP level was 
not only inversely related to a number of cardiovascular risk factors 
but also that CNP exhibited significant negative associations with 
pulse wave velocity for arterial stiffness and intima-media thickness 
for early atherosclerosis and positive association with flow mediat- 
ed dilation for endothelial function. 18 " 211 This has been well demon- 
strated by previous reports into the association with endothelial 
dysfunction in patients with VAP 221 as well as those with microvas- 
cular angina. 23 " 261 

However, our present result showed that plasma CNP concentr- 
ation was higher in the SPT (+) group, which is known to be a type 
of endothelial dysfunction. Our investigators could carefully elicit 
a new understanding as follows. Coronary atherosclerosis is initiat- 
ed by endothelial dysfunction due to inflammation and increased 
low density lipoprotein-cholesterol (LDL-C) levels, followed by the 
deposition of lipids and macrophages from the lumen into the in- 
ner layer of the coronary artery, resulting in plaque formation 27 ' In 
short, endothelial dysfunction is likely to be the earliest event in the 
process of atherosclerotic lesion formation. Therefore, plasma CNP 
concentrations in present study may have an impact on the regul- 
ation of endothelial function in accordance with atherosclerotic 
progression in patients with VAP. Further analysis is warranted to 
develop clinical applications of this concept. 

Additionally, in terms of the vascular endothelium, Palmer et al. 21) 
demonstrated that circulating CNP concentration was related to 
cardiac hemodynamic load and ischemic burden. In contrast, Naruko 
et al. 191 suggested that a paracrine and autocrine system of CNP 
may be important in controlling the neointimal growth of vascular 
smooth muscle cells after percutaneous coronary intervention in hu- 
mans. Moreover, in animal studies addressing the role of the car- 
diovascular NO system in the actions of CNP, Costa et al. 201 dem- 
onstrated that CNP increased NO excretion, which would induce a 
reduction in cardiac myocyte contractility and relaxation of the vas- 
cular smooth muscle, thereby suggesting an association with endo- 
thelial function. Although our results are in agreement with previ- 
ous reports, further research using a larger population is warranted. 

Kuo et al. 281 reported that the myocardium regularly produces or 
releases CNP in patients with symptomatic paroxysmal supraven- 
tricular tachycardia (PSVT) and normal left ventricular systolic func- 
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tion and brief periods of rapid atrial pacing, and that PSVT or elec- 
trophysiological studies did not change the production and/or re- 
lease of CNP. Lupattelli et al. 29 ' suggested that CNP was not altered 
in patients affected by hypercholesterolemia. Nevertheless, the levels 
of high density lipoprotein-cholesterol were closely related to those 
of CNP. In the present study, heart rate and total cholesterol level 
were significantly correlated with the CNP level and thus further 
analysis is warranted to address this discrepancy. 

This study has some limitations. First, blood samples were not col- 
lected from the coronary sinus but from the femoral artery. Second, 
associations with various vasoactive agents, such as endothelin, 
angiotensin II, and serotonin, were not assessed. Lastly, there was a 
selection bias in this study's patients. To overcome this methodolog- 
ical limitation, more research in patients with significant coronary 
artery disease (>50°/o stenosis in >1 coronary artery) is warranted. 

In conclusion, coronary atherosclerosis is initiated by endothelial 
dysfunction due to inflammation and increased LDL-C levels, which 
is followed by the deposition of lipids and macrophages from the 
lumen into the inner layer of the coronary artery, resulting in plaque 
formation. Therefore, increased plasma CNP concentration in pa- 
tients with VAP may have an impact on the regulation of endothelial 
function in accordance with the progression of atherosclerosis. Fur- 
ther analysis is warranted to develop clinical applications of this 
finding. 
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